In terrestrial environments, soil organic matter (SOM) is the largest organic carbon 23 (C) pool. The quantity and quality of organic carbon in soils can be affected by 24 vegetation through influencing the inputs and outputs of SOM. We examined how 25 storage and quality of C in SOM were affected by vegetation under grass cover or 26 single and a polyculture plot of Betula pendula, Alnus glutinosa and Fagus sylvatica. 27
Introduction 43
Soil organic matter (SOM) represents the largest reservoir of terrestrial organic carbon 44 (C) on Earth, and the organic residues that comprise SOM range from relatively intact 45 plant or microbial material to highly decomposed humic substances (Rumpel et al., 46 the storage and dynamics of C in soils, as reported in several previous studies 48 Agrostis stolonifera L. In the work reported here, we used the plots of A. glutinosa, B. 144 pendula and F. sylvatica and a three species polyculture of these species. 145 146
Positioning of the plots used 147
The initial soil organic matter was determined in the top 0-10 cm layer on a 10 × 10 m 148 grid. The mean SOM content across the fields was ca. 6 %, but across the fields varied 149 between 4 to 8 % (Fig. 1) . Historically, both fields were pasture, but since the 90-100 cm) were then used for C fractionation using acid hydrolysis. To ensure 169 representativeness, samples were obtained from each layer, approximately 100 g of 170 soil was collected from each side of the soil pit and mixed to produce a composite 400 171 g sample. Soils were then air dried, carefully homogenized and sieved to pass through 172 a 2 mm sieve, a 50 g sub-sample was then taken and finely ground using a ball mill 173 (Retsch Mixer Mill MM 200) and passed through a 100 µm sieve prior to acid 174 hydrolysis. Soil pH and electrical conductivity were determined in a 1:2 v/v slurry of 175 soil and distilled water with standard electrodes. Moisture content was determined 176 after drying at 105 °C for 72 h, and organic matter as loss-on-ignition at 450 °C for 177 16 h. Bulk density was determined using 100 cm 3 cores and corrected for stone 178 content (Rowell, 1994) . The clay content of soils was determined by a simplified 179 method combining wet sieving and sedimentation steps, as proposed by Kettler et for C and N using a TOC-V-TN analyzer (Shimadzu Corp., Kyoto, Japan). 210
To extract a less labile part of the soil C (fraction 2), the unhydrolysed 211 residues were transferred to Pyrex tubes and dried at 60 °C. After cooling, 2 ml of 13 212 M H 2 SO 4 was added, and the tubes were shaken overnight on a horizontal shaker at a 213 speed of 80 strokes min -1 at room temperature. Thereafter, 26 ml of deionised water 214 was added to dilute the acid to 1 M and the residues were hydrolysed for 3 h at 100 °C 215 with occasional shaking. After centrifugation at 2695 × g for 3 minutes, the clear 216 hydrolysate was removed. The residues were washed twice with distilled water, andthe washings added to the hydrolysate and stored at 4 °C until analysis of C and N as 218 described above. The remaining residual C was fraction 3 and was calculated by 219 deducting the summed C fractions 1 and 2 from total organic C content of the soil 220
Acid hydrolysis of plant material followed the same protocol used for soils 222 except that the sample size was decreased to 25 mg (Shirato and Yokozawa, 2006) . 223
The plant biomass C: acid ratio was the same as that used in the soil hydrolysis. As 224 the residues could not be removed by centrifugation, the extracts were separated from 225 un-hydrolysed residues by filtration using Whatman No. 1 filter papers (GE 226
Healthcare UK Ltd.). After each hydrolysis, residues were washed twice with distilled 227
water. Both soil and plant samples were analysed in triplicate. 228 229
Estimation of C pools throughout the soil profile 230
The total C stock and the absolute quantity of labile and recalcitrant C in different soil 231 layers were estimated on area basis using bulk density determination of the different 232 soil layers after adjustment for stone content. The total C pool size in soil profile (0-233 100 cm) was calculated by fitting a 2 nd order quadratic to the soil C data; predicted 234 values were then used to interpolate the C content of all soil layers in 10 cm 235 increments. The actual and in-filled values were then summed to determine total size 236 of the C pool. 237 238
Leaf litter decomposition 239
We studied the decomposition dynamics of leaf litter in each plots using leaf litter 240 from respective species to examine the impacts of species identity or mixture on 241 decay rates that affects the quality and quantity of SOC. We used leaves with a naturalwater content rather than air dried leaves, because firstly, most of the leaves reach the 243 forest floor as fresh litter in this ecosystem and thus we mimicked the natural process 244 and secondly, air drying can substantially depressed the initial decay rates, especially 245 in case of A. glutinosa (Taylor, 1998) . 
Soil carbon 288
Total soil C content decreased with increasing depth in soils under all species types 289 and the grassland (Fig. 2 ). Significant differences in soil C between F. sylvatica plots 290 compared to B. pendula plots was observed at top two soil layers, but no differences 291 in soil C were found in any of the treatments in soil below 20 cm. Soil microbial 292 biomass C ranged between 0.56 ± 0.03 mg C kg -1 and 0.83 ± 0.08 mg C kg -1 in the top 293 0-10 cm of soil, and the species composition had no significant impact on the 294 microbial biomass C and N content. In all the plots, the C:N ratio decreased with 295 increasing soil depth (Suppl. Fig.1 ), but no statistically significant differences 296 between any of the treatments at any soil depth were observed However, the greatest 297 change in C:N ratio between the top and bottom soil layers was found in the grassland 298 and the B. pendula plots (Δ 6.1) compared to a change of ca. 3.5 in the A. glutinosa, 299
F. sylvatica and polyculture plots. 300 301
Relative contribution of C fractions to total C concentration 302
The C content of each of the SOM fractions varied between species and between soil 303 depths. Figure 3 illustrates the distribution pattern of three C fractions in soils under 304 different plant species and polyculture. In the 0-10 cm layer, fraction 1 was between 305 22 -36 % of the total C, this increased to 29 -52 % at 100 cm depth. The C of 306 fraction 1 in the F. sylvatica plots was significantly (P=0.012 & P=0.002 ) greater 307 than the soils of A. glutinosa plots at top two layers, and at 10-20 cm depth B. 308 pendula and the polyculture soils were significantly higher than A. glutinosa (B. 309 pendula, P=0.006; polyculture, P=0.035). For fraction 2, except in the grassland plots, 310 the changes in percentage contribution to the total soil C were less pronounced 311 compared to fraction 1. Grassland contained a significantly higher percentage of C in 312 fraction 2 in all soil layers than other plots, except A. glutinosa.
Fraction 3, the residual C after extraction, representing potentially the most 314 recalcitrant C was unaffected by soil depth in F. sylvatica and the polyculture, but was 315 significantly lower in the middle layer (40-50 cm) compared to the upper layers in the 316 B. pendula and A. glutinosa plots. Species identity and mixture did not significantly 317 affect the relative contribution of fraction 3 in the top two layers of soil (Fig. 3) . 318
Further down the soil profile, a significantly higher percentage of fraction 3 was 319 found in polyculture soils than in B. pendula (P=0.014) and A. glutinosa (P=0.002) 320 soils at 40-50 cm; and in the 100 cm layer the contribution was higher compared to A. 321 glutinosa (P=0.013). In both the 40-50 and 100 cm layers, A. glutinosa had the lowest 322 proportion of C within fraction 3 (27 and 34%, respectively). 323 324
Total C storage and C pool size of each fraction 325
The total C storage to a depth of 100 cm in the various plots ranged between 10.2 ± 326 0.9 under grass to 6.9 ± 0.8 kg C m -2 under F. sylvatica, with no significant variation 327 between the treatments (Table 1 ). In Table 1 the pools of C are shown as the total 328 extractable (fraction 1 and fraction 2) and the residual C in fraction 3. The tree species 329 grown in monoculture and polyculture showed no significant difference in total C 330 stocks. We examined the influence of tree species on fraction 3 in upper (0-40 cm) 331 and lower (40-100 cm) region of the soil profile (Fig. 4) . In the upper layers no 332 significant differences were found between the treatments, however in the deeper soil 333 layers, the greatest storage of C in fraction 3 was found in the polyculture. The C 334 storage in the polyculture soil at depth was significantly greater compared to the B. 
Fractionation of litter C inputs 341
Total C in the leaves and roots of the three tree species was 52 and 53 %, 342 respectively, significantly greater than the sward comprising the grassland which 343 contained 44 % (P=0.020) and 40 % (P=0.002) for leaves and roots, respectively. In 344 the tree leaves, C extracted from fractions 1 and 2, was similar. In contrast, in the 345 roots of F. sylvatica the C content of fraction 2 was higher than in the other tree 346 species (Fig. 5) . In grass leaves and roots, the highest amount of C was in fraction 1, 347 and the amount of fraction 3 was only 35 and 37 % of the total C, for leaves and roots, 348 respectively. 349 
Tree traits 364
The storage and the distribution of organic C in soils are influenced by the quality and 365 quantity of inputs determined by the integrated effects of species-specific traits 366 (Schmidt et al., 2011) . In this study, we examined three tree species selected due to 367 their strongly contrasting productivity and functional traits, to accentuate the species-368 specific contribution to soil C pools. As a consequence of the trait differences, the 369 species have different qualities of leaf litter inputs (see below), but also different rates 370 of fine root turnover and hence root litter inputs (Smith et al., 2013b ). The differences 371
in leaf litter quality were reflected in the initial rates of decomposition, where the 372 decomposition of A. glutinosa was nearly two times faster than the other two species. 373
We found that decomposition processes of mixed species litter bags were slower than 374 single species when deployed at our field site. Species-specific interactions during 375 litter decomposition have been shown to have no effect (Prescott et suggesting that the rapid initial decomposition of A. glutinosa was driven by nitrogenavailability. However, lignin content did not follow the same species order and was 388 138, 272 and 338 g kg -1 for A. glutinosa, B. pendula and F. sylvatica, respectively, 389 potentially leading to slower decomposition of fraction 3 C for F. sylvatica relative to 390 the other species. 391
Plant species identity can also influence the production and distribution of fine 392 root biomass throughout the soil profile. The effect of species diversity on root 393 biomass and production is extremely variable with studies showing no effect ( 2013b). However, differences in the rate of fine root turnover were not seen in all 398 years (Ahmed, 2011) . In addition to the influence of plant litter chemistry and species 399 identity on decomposition, the phenology of leaf and root growth can also influence 400 belowground processes (Niinemets and Tamm, 2005) . Indeed, seasonality has a 401 particularly strong control on the phenology of grassland species (Steinaker and 402 Willson, 2008) . 403 404
Organic C storage of soils under different plant species 405
No significance difference in SOC stock (0-100 cm) was observed both between the 406 tree species, and in comparison to the grassland (Table 1) . This is in consistent with 407 the study of Vesterdal et al. (2008) , who reported no significant variation in the soil C 408 stocks of five European broadleaved tree species, including F. sylvatica, after 30 years 409 of growth. However, we did find a higher organic C concentration in B. pendula soil 410 compared to F. sylvatica in the upper two layers of the soil profile (Fig. 2) . The 411 biomass production and subsequent litter fall in B. pendula was much higher than the particulates were similar between all species and the polyculture. Here we showed 423 that using chemical fractionation, the organic C content of fraction 1 was significantly 424 lower in soils under A. glutinosa than in F. sylvatica in the 0-10 cm soil layer (Fig. 3) . 425 We propose two mechanisms to explain our observed differences in fraction 1 C 426 content. First, relative to F. sylvatica, A. glutinosa is poor at translocating nutrients 427 and carbohydrates during senescence (Lecerf and Chauvet, 2008) , and subsequently 428 the senesced litter of A. glutinosa is considered to be of high quality due to thick, 429 mesophyll rich, leaves with a low C:N ratio. These traits, which are favourable to 430 grazing by soil organisms and microbial decomposition (Kazakou et al., 2009) , 431 probably resulted in a rapid removal of fraction 1. The influence of litter quality on 432 decomposition processes was also supported by significantly faster litter mass loss of 433 A. glutinosa than F. sylvatica during the first three weeks (Table 2) . Second, during 434 organic matter mineralization and microbial turnover, C not respired as CO 2 is 435 retained within microbial biomass, or released as dissolved organic carbon (DOC),which then leaches through the soil profile reducing the size of the pool in shallowmicrobial carbon and nitrogen pools of a tall grass prairie soil in the US Great 537 
